Background: Preoperative assessment of tumor size is important in breast cancer treatment planning, especially in breast conservation surgeries. The use of the Magnetic Resonance Imaging (MRI) is increasing among patients with newly diagnosed breast cancers. However, some pathological features can overestimate the measurement of tumor size by MRI, increasing mastectomy rates. The objective is to evaluate which pathological features may affect the agreement between MRI and pathologic tumor size on invasive breast carcinomas. Methods: Eighty seven patients with breast cancer who underwent preoperative breast MRI were retrospectively evaluated. The main tumor size measured by MRI was compared with pathology (gold standard) and concordance was defined as a greater diameter difference of less than 10 mm. Results: There was MRI-pathology concordance in 60 cases (69.0%), MRI overestimated tumor size in 21 (24.1%) and underestimated in 6 (6.9%). After multivariate analysis, only associated ductal carcinoma in situ (DCIS) remained significantly related to overestimation of tumor size on MRI (OR: 9.00; 95% IC:1.13-71.87; p = 0.038). Conclusion: There was good correlation between tumor size evaluation on MRI and pathology. The presence of associated DCIS was the only pathological parameter associated with size overestimation on MRI.
Background
Preoperative assessment of tumor size is important in breast cancer treatment planning, especially in breast conserving surgeries. Preoperative Magnetic Resonance Imaging (MRI) has been used in patients with newly diagnosed breast cancer for proper evaluation of tumor extent. However, some pathological features can lead to an overestimation of tumor size by MRI, which consequently increases rates of mastectomy [1] [2] [3] .
The exact reasons for tumor size overestimation by MRI are not entirely understood. Prior reports have demonstrated that the presence of high-risk breast lesions, benign epithelial proliferative lesions or specific morphologic findings such as satellite lesions, ductal carcinoma in situ (DCIS), and/or lymphovascular invasion around the main tumor may cause MRI size overestimation [4] . Also, it is important to mention that tumor measurement on MRI may include both the invasive and non invasive components. In contrast, the pathologic examination of tumor size according to the TNM staging system is defined by the greatest diameter of the invasive breast carcinoma and DCIS extent is not taken into consideration [5] .
Our hypothesis is that breast MRI is a good exam to predict pathologic tumor size, however, it can be affected by pathological parameters that will cause extent overestimation. The aim of this study was to evaluate which pathological features may influence the agreement on tumor size assessment of invasive breast cancers between MRI and pathology.
Methods
After approval of the institution ethics review board, we retrospectively evaluated 87 patients with breast cancer who were submitted MRI for preoperative staging and treatment planning, from August 2012 to August 2014. Patients submitted to MRI or surgery at another institution were excluded. Mean time between MRI and surgery was 46 days. Data on tumor and patient characteristics were obtained from the original histopathologic, radiological and clinical reports. The size of the main tumor measured by MRI was compared to the tumor size described in the pathology report and defined as the greatest diameter of the invasive breast carcinoma (gold standard). Agreement between MRI and pathology results was defined as a greater diameter difference of less than 10 mm, as used in prior studies [5] . Pathology of all discordant cases was reviewed.
Breast cancer histologic classification was based on the recommendations by the World Health Organization (WHO) Classification of Tumors of the Breast (4th Ed) and tumors were categorized as invasive breast cancer of no special type (NST), previously known as invasive ductal carcinoma (IDC), and special types of invasive breast carcinoma (i.e. invasive lobular carcinoma, tubular, mucinous, metaplastic carcinoma, etc) [6] . Immunohistochemical data was retrieved from pathology files and breast cancer molecular subtype was defined according to estrogen receptor (ER)/progesterone receptor (PR)/Her-2 status and Ki67 index, as follows: luminal A (expression of ER and/or PR, with Ki-67 < 20%); luminal B (expression of ER and/or PR, with Her-2 overexpression or Ki-67 ≥ 20%); Her-2 overexpression (no expression of ER and PR, with Her-2 overexpression); and triple negative (no expression of ER, PR and Her-2) [7, 8] .
MRI images were obtained with the patient in the prone position at a 1.5 Tesla equipment (Signa HDxT, GE), using dedicated 8-channel breast coil. Each exam consists of images taken before and after the use of paramagnetic contrast (gadolinium diethylenetriaminepentaacetic acid; Gd-DTPA). Before contrast administration, a T1 gradientecho sequence and a fat-saturated STIR sequence were acquired. Five gradient-echo axial 3D T1-weighted sequences were obtained using fat suppression for dynamic examination. The first sequence is obtained before contrast injection, the second after 20 s of contrast injection, and the others sequentially in the following minutes with a temporal resolution of 60-90 s. Post-processing subtraction images were obtained from pre and post-contrast sequences. The last sequence consists of gradient-echo sagittal 3D T1-weighted images. Main tumor size was measured on the largest diameter in the post-contrast sequence in which the lesion was more evident.
All data were stored in a database for statistical analysis using SPSS version 20.0. The descriptive analysis of categorical variables was calculated as simple and relative frequencies. Numerical variables were described as mean, standard deviation (SD), minimum and maximum. For univariate analysis, Pearson chi-square test with Yates correction or Fisher's exact test was used to compare categorical variables. For multivariate analysis, multiple logistic regression was performed, using the comparison of the size of the invasive tumor on MRI in relation to pathology (overestimated vs. not overestimated) as the dependent variable. The following pathological features were included as independent variables in the regression model: histological type, molecular subtype, presence of inflammatory infiltrate, desmoplastic reaction and associated DCIS. The odds ratio (OR) and 95% Confidence Interval (CI) were calculated for all variables and the level of significance adopted was 5%.
Results
The mean age of patients was 53 years, range 30 to 81 years. The main tumor appeared on MRI as a mass in 72 cases (82.8%), and non-mass enhancement in 15 (17.2%). The most common histological type and molecular subtype were NST/IDC (57.5%) and luminal B (51.2%), respectively. Table 1 summarizes pathological findings of invasive carcinomas.
The largest dimension of the main tumor varied from 8 to 111 mm in MRI (mean: 32.4 ± 21.9 mm) and from 5 to 100 mm in pathology (mean: 26.6 ± 19.5). There was good agreement between the tumor size measured by 
Discussion
MRI is often used, in addition to conventional imaging, for the preoperative assessment of breast cancer size to determine the optimal surgical strategy. Recent studies have suggested that MRI is superior to mammography and ultrasound in determining invasive tumor size, depicting multifocality, as well as evaluating the intraductal component [1] [2] [3] [4] [5] 9] .
Despite substantial improvement in breast MRI technique and interpretation, true tumor size can be over or underestimated in some patients, which may change treatment decisions. In our sample population MRI overestimated the pathology size in 24% of the cases, which is consistent with the literature, ranging from 6% to 81% [2, 10] . However, it should be remembered that for TNM classification, pathologists consider just the invasive component size of the tumor, while it is well established that MRI measurement includes both invasive and noninvasive components [5, 11, 12] .
Presence of associated carcinoma in situ was the only pathological finding associated with tumor size overestimation at MRI in our sample. MRI is useful in detecting DCIS, especially high grade, even in cases with negative mammography [13] . Mennella et al. studied the effect of tumor histology on the MRIpathology discordance and found that patients with DCIS had a higher median overestimation on MRI than all the other histological groups [14] . These authors also showed that the median overestimation in the patients who had IDC with extensive intraductal component was significantly higher than that of the patients who had IDC without extensive intraductal component [14] . Rominger et al. found that nonmass enhancement, which is commonly associated with DCIS, significantly predicted MRI-pathology discordance on tumor size [5] . Jethava et al. found that several factors affect the accuracy of MRI in the preoperative assessment of tumor size [15] . In that study, the most important factors associated to overestimation of tumor size on MRI were high-grade tumor (when compared to low and intermediate tumors) and DCIS (when compared to invasive carcinomas) [15] .
The results of this study should be considered in the context of its limitations. Because of the retrospective nature of this study, it was not possible to measure the non invasive component of the tumors at pathology and compare it with the imaging size. Future prospective studies could compare macroscopic and microscopic pathologic evaluation with tumor size on MRI.
Conclusions
In conclusion, there was good correlation between the measurement of tumor on MRI and pathology. In 24% of the patients, MRI overestimated tumor size and the presence of DCIS was the only pathological feature significantly associated with MRI-pathology discordance. These findings support that different methods of measurement are the main cause of MRI-pathology discordance on tumor size. While the pathologic TNM staging system defines tumor size according to the extent of the invasive carcinoma without taking DCIS in consideration, MRI demonstrates the extension of disease by estimating both the in situ and invasive components of the disease. Thus, these findings should be considered before stating that there is disagreement between the tumor size on MRI and surgical specimen, both in clinical practice and in scientific papers, to avoid misdiagnosis and hasty conclusions, which may impact patient management. 
